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WKH HQKDQFHG KHDW WUDQVIHU FKDUDFWHULVWLFV RI VSLUDO WDSHV LQ WKH IRUP RI ODUJHVPDOOODUJH SLWFKHV XQGHU QDWXUDO
FRQYHFWLRQ VWDWXV ZDV SXEOLVKHG DQG WKLV W\SH RI VSLUDO WDSHV DUH XVHG LQ VRODU HQHUJ\ FRQFHQWUDWRUV 7HVWLQJ
UHVHDUFKZDVFRQGXFWHGE\6PLWK(LDPVDDUGHWDO>@RQDKHDWH[FKDQJHWXEHZLWKVSLUDOWDSHVGLVWULEXWHGLQVLGH
WKHWXEHDQGWKHUHVHDUFKUHVXOWVVKRZHGWKDWZKHQWKHVSLUDOWDSHOHQJWKLQVLGHWKHWXEHZDVUHVSHFWLYHO\
DQG WKH KHDW H[FKDQJH FRHIILFLHQW DQGSUHVVXUH GURS UHVSHFWLYHO\ LQFUHDVHG E\   DQG




WR VXSSUHVV GXVW GHSRVLW DQG VFDOLQJ ,Q  6PLWK (LDPVDDUG HW DO >@ FRQGXFWHG H[SHULPHQWDO VWXGLHV XVLQJ
ODUJHSLWFK VSLUDO ILQQHG WXEH DV LQVHUW IRU KHDW H[FKDQJH LQVLGH WXEH 7KH VWXG\ UHVXOWV VKRZHG WKDW WKH LQVHUW
SURGXFHGREYLRXVHIIHFWRQ WKHIORZLQJSURFHVV LQVLGH WKH WXEHZLWKFLUFXPIHUHQWLDOVSHHGDQGUDGLDOGLVWXUEDQFH
REYLRXVO\LQFUHDVHG3%KDUDGZDMHWDO>@VWXGLHGZLWKH[SHULPHQWDOPHWKRGWKHHQKDQFHGKHDWWUDQVIHUHIIHFWRI
DGGLWLRQDOVSLUDOWDSHVLQVLGHWXEHVZLWKLQWHUQDOJURRYHDQGWKH\IRXQGLQWKHVWXG\WKDWDSSDUHQWQRQOLQHDULW\ZDV
VKRZQ LQ WKH UHODWLRQVEHWZHHQNu DQG f DQGRHREYLRXVO\GLIIHUHQW IURP WKH WUDGLWLRQDOKHDW WUDQVIHUFRUUHODWLRQ












 PPZLWKLQQHUGLDPHWHU tD  PPWKHVSLUDOFHQWHUOLQHRIWKHLQVHUWVLVFRLQFLGHGZLWKWKHD[LDOOLQHRIKHDW
H[FKDQJHWXEHZLWKUDGLXV hr  PPLHWKHUHLVDILWWLQJJDSRIG  PPEHWZHHQWKHLQVHUWDQGWKHKHDWH[FKDQJH
WXEHLQQHUZDOO
,QVHUWVKDYHDSLWFK hP  PPZLWKDQDQJOHEHWZHHQ WZRVSLUDOVT  R LQDGRXEOH77,DQGT  RZLWKD
WULSOH[77,DQGWKH77,WKLFNQHVVLVPP7KHWRWDOOHQJWKRIWKH77,LV hl  PPDQGWKHGLVWDQFHIURPWKHKHDW
H[FKDQJH WXEH LQOHW WR RXWOHW LV PPZLWK DOO RI WKHP 7KH KHDW FRQGXFWLRQ HIIHFW RI 77, LV QHJOHFWHG LQ WKH
FDOFXODWLRQ
7KH FDOFXODWHG IOXLG LV DLU DQG FRQVWDQW SK\VLFDO SDUDPHWHUV DUH DGRSWHG ZLWK GHQVLW\ aU  NJP KHDW
WUDQVIHUFRHIILFLHQW aO  :P.DQGYLVFRVLW\ aP  HNJPV)RUWKHFDOFXODWLRQPRGHOWKH k H WZR
HTXDWLRQPRGHOIRUHQKDQFLQJZDOOVXUIDFHKHDWWUDQVIHUSURFHVVLVDGRSWHG
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)LJ1XPHULFDOPRGHOVDVLQJOHWZLVWHGWDSHEGRXEOHVSLUDOWDSHFWULSOH[VSLUDOWDSH
7KH k H WZRHTXDWLRQPRGHO LV DGRSWHG IRU WKH YLVFRVLW\PRGHO RI WXUEXOHQFH IORZ WKHPRGHO HQKDQFHV WKH
PRGHOZLWKZDOOVXUIDFHHQKDQFLQJIRUPDWDQGFDOFXODWLRQLVSHUIRUPHGXVLQJHTXDWLRQ>@
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7KHKHDWH[FKDQJHWXEHZDOOVXUIDFHLVDWWKHLVRWKHUPDOERXQGDU\FRQGLWLRQZLWKRXWVOLSSDJHDWDWHPSHUDWXUH
heatT   7KHLQOHWIORZVSHHGLVUHVSHFWLYHO\WDNHQDVć u  PVPVPV
PVPVPVPV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)RUPDQ\KHDWH[FKDQJHFRHIILFLHQWFDOFXODWLRQIRUPXODVWKH'LWWXV%RHOWHU>@IRUPXODKDVWKHPRVWH[WHQVLYH
DSSOLFDWLRQV







fO     
5HVXOWVDQGGLVFXVVLRQV
3.1. Model verification 
7KHFODVVLFDOKHDWWUDQVIHUIRUPXODRIHTXDWLRQZDVXVHGDVUHIHUHQFHIRUWKHQXPHULFDOPRGHOGHVFULEHGWKH
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
)LJ&RPSDULVRQEHWZHHQPRGHOFDOFXODWLRQUHVXOWVDQGUHVXOWVIURPFODVVLFDOIRUPXOD
3.2. Flowfield analysis 
7KH LQVHUWVDUUDQJHG LQVLGH WKH WXEHSURGXFHHIIHFWRQ WKH IORZRI IOXLG LQVLGH WKH WXEHDQGGLIIHUHQW IRUPVRI
LQVHUWVSURGXFHGLIIHUHQWHIIHFWRQWKHIORZ
,Q )LJ  WKH IORZ IRUP RI IOXLGPLFHOOH DW VSHFLILF ORFDWLRQ LQ WKH LQOHW DUHD GXULQJ LWV D[LDOPRYHPHQWZDV













3.3. Effect of heat exchange coefficient 
'XHWRWKHIXQFWLRQRI77,WKHUDGLDOVSHHGRIIOXLGREYLRXVO\FKDQJHVZKHQLWIORZVD[LDOO\LQWKHKHDWH[FKDQJH
WXEH UHVXOWLQJ LQ WKLQQLQJ WKH IOXLG WKHUPDO ERXQGDU\ DQG HQKDQFLQJ WKH KHDW WUDQVIHU HIIHFW )LJ  VKRZV WKH
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FRPSDULVRQRIKHDWH[FKDQJHDELOLW\RI WKUHHIRUPVRI77,¶VZLWKWKHZDOOVXUIDFHDWGLIIHUHQWIORZVSHHGDQGWKH





,W FDQ EH VHHQ LQ WKH ILJXUH WKDW ZLWK 77, DUUDQJHG WKH KHDW H[FKDQJH DELOLW\ LQVLGH WKH WXEH KDV REYLRXVO\
LQFUHDVHGE\DQDPSOLWXGHEHWZHHQaWLPHV,QDOOWKUHHIRUPVRI77,¶VZLWKWKHLQFUHDVHRIReDOONuVKRZV
D ORJDULWKP OLQHDU FRUUHODWLRQ FRQVLVWHQW ZLWK WKH FODVVLFDO FDOFXODWLRQ IRUPXOD :LWK WKH LQFUHDVH RI 5H WKH
HQKDQFLQJHIIHFWRI77,¶VUHGXFHV WRDFHUWDLQH[WHQW7KUHHIRUPVRI77,¶VKDYHVLPLODUHQKDQFLQJHIIHFWRIKHDW
WUDQVIHUHVSHFLDOO\WKHUHLVDOPRVWQRGLIIHUHQFHEHWZHHQWKHGRXEOHDQGWULSOH[77,¶V
3.4. Effect on pressure loss 
7KHLQVHUWVDUUDQJHGLQVLGHWKHWXEHZLOOUHVXOWLQREYLRXVO\LQFUHDVHGIORZUHVLVWDQFHZKHQIOXLGIORZVWKURXJK
WKHKHDWLQJWXEH)LJLVDFRPSDULVRQRIWKUHHW\SHVRI77,¶VRQLQFUHDVHRISUHVVXUHGURSZLWKGLIIHUHQWRe,QWKH
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